Introduction
============

Lung cancer remains the leading cause of cancer-related mortality worldwide. Non-small cell lung cancer (NSCLC) accounts for approximately 85% of all lung cancers, and 40% of these patients present at an advanced stage \[[@b1-crt-2016-365]\]. Recent advances in the understanding of the molecular origins of NSCLC have changed the treatment paradigm according to the target oncogenes \[[@b2-crt-2016-365]\]. However, the benefit of such target therapies remains limited to less than half of all patients with NSCLC; therefore, platinum-based chemotherapy has remained the mainstay in the treatment of NSCLC. Several large randomized studies have demonstrated the relative equivalence of platinum-based doublets, with response rates (RRs) ranging from 16% to 32% and a median survival of 8-11 months, with 1- and 2-year survival rates of 35% to 45%, and 10% to 20%, respectively. However, most patients generally experience disease progression after a median of 3-4 months of initiating chemotherapy, and the long-term prognosis remains poor \[[@b3-crt-2016-365],[@b4-crt-2016-365]\]. Furthermore, no consensus has been reached for biomarkers predicting a benefit from platinum-based chemotherapy in advanced NSCLC \[[@b5-crt-2016-365]\].

Excision repair cross-complementation group 1 (ERCC1) plays an essential role in nucleotide excision repair, which removes platinum-DNA adducts \[[@b6-crt-2016-365]\]; therefore, high ERCC1 levels are usually associated with a lack of clinical benefit with platinum-based chemotherapy \[[@b7-crt-2016-365]-[@b10-crt-2016-365]\]. The association between ERCC1 expression and cisplatin resistance has been confirmed by ERCC1 immunohistochemistry analysis of postoperative tumor samples from the International Adjuvant Lung Cancer (IALT) trial. These analyses revealed that adjuvant chemotherapy significantly prolonged survival in patients with ERCC1-negative tumors relative to those with ERCC1-positive tumors \[[@b11-crt-2016-365]\]. Following publication of the ERCC1 protein expression level as a biomarker of survival benefit and treatment efficacy for cisplatin-based adjuvant chemotherapy, numerous studies tested the predictive or prognostic role of ERCC1 expression levels in advanced NSCLC. Some of these studies have suggested that ERCC1 expression levels are associated with a clinical benefit of platinum-based chemotherapy in advanced NSCLC \[[@b12-crt-2016-365],[@b13-crt-2016-365]\]. However, these studies investigated patients treated with high ERCC1 levels using a non-platinum regimen, while none have compared the efficacy of platinum chemotherapy according to the ERCC1 level in advanced NSCLC. Thus, we prospectively investigated the role of ERCC1 levels for predicting the efficacy of two different platinum-based regimens.

To date, most platinum-based regimens have demonstrated similar efficacy in unselected patients with advanced NSCLC \[[@b3-crt-2016-365]\]. Moreover, gemcitabine and cisplatin (GP) and irinotecan and cisplatin (IP) regimens showed similar efficacy in advanced NSCLC. \[[@b4-crt-2016-365]\] Although some studies have shown an inverse correlation between ERCC1 levels and efficacy toward GP, none have investigated ERCC1 level and the efficacy toward IP regimen in NSCLC. Interestingly, high ERCC1 levels were reportedly associated with irinotecan efficacy in advanced colorectal cancer \[[@b14-crt-2016-365]\]. Thus, we hypothesized that IP and GP regimens show different efficacy according to ERCC1 levels.

To date, immunohistochemical analysis using the mouse monoclonal antibody 8F1 has been the most commonly used technique for measuring ERCC1 protein expression. Given the feasibility of immunohistochemical analysis of ERCC1 in biopsy samples, we investigated the clinical usefulness of ERCC1 as a predictive biomarker for two different platinum-based regimens in advanced NSCLC.

Materials and Methods
=====================

1. Eligibility criteria
-----------------------

The main eligibility criteria included histological confirmation of advanced NSCLC, no prior chemotherapy, age ≥ 18 years, an Eastern Cooperative Oncology Group (ECOG) performance status (PS) \< 2, and measurable disease according to the Response Evaluation Criteria in Solid Tumors (RECIST). Additionally, adequate hematologic (white blood cell count ≥ 4,000/mm^3^, platelet count ≥ 150,000/mm^3^), hepatic (bilirubin level ≤ 1.5 mg/dL, aspartate aminotransferase/alanine transaminase ≤ 80 IU/L), and renal (creatinine concentration ≤ 1.5 mg/dL) function was required. Patients with brain metastases were enrolled if they were clinically stable without steroid treatment. The exclusion criteria included serious concomitant systemic diseases and second primary malignancies within the preceding 5 years. The protocol was approved by an independent ethics committee/institutional review board, and the study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice. Each patient provided written informed consent (NCT-01003964).

2. Study design
---------------

This was an open-label, randomized phase II trial that compared the efficacy of GP versus IP chemotherapy in chemo-naïve advanced NSCLC patients according to ERCC1 expression level. To minimize the impact of subsequent therapy on overall survival (OS), second- or third-line therapies were predefined. Patients with non-squamous cell lung cancer randomly received pemetrexed followed by docetaxel or docetaxel followed by pemetrexed as the second- or third-line treatment when the disease progressed. Patients with squamous cell lung cancer received docetaxel as a second-line therapy.

3. Random assignment and treatment plan
---------------------------------------

After ERCC1 assessment, patients were randomly assigned to either the IP or GP arm using the random block-size permutation method based on a computer-generated block randomization schedule. Patients in the IP arm received 65 mg/m^2^ irinotecan and 30 mg/m^2^ cisplatin on days 1 and 8 every 3 weeks. Patients in the GP arm received 1,250 mg/m^2^ gemcitabine on days 1 and 8 and 75 mg/m^2^ cisplatin on day 1 every 3 weeks. Patients were treated for a maximum of nine cycles or until reaching progressive disease (PD), death, or unacceptable toxicity.

As the disease progressed, patients with non-squamous cell lung cancer were randomly assigned to receive either pemetrexed (500 mg/m^2^ every 3 weeks) or docetaxel (75 mg/m^2^ every 3 weeks). Patients with squamous cell lung cancer received docetaxel as second-line therapy with disease progression. The randomization process is shown in [S1 Fig](#SD1-crt-2016-365){ref-type="supplementary-material"}.

4. Study assessment
-------------------

The safety assessment included patient history, physical examination, vital signs, ECOG PS, adverse effects and electrocardiography blood chemistry and hematology findings. Safety assessments were performed upon screening, on day 1 of subsequent cycles, and during the final study visit using Common Terminology Criteria for Adverse Events (CTCAE) ver. 3.0 \[[@b15-crt-2016-365]\].

Objective tumor responses were assessed using RECIST ver. 1.0 \[[@b16-crt-2016-365]\] after every two cycles of therapy. Progression-free survival (PFS) was calculated from the date of random assignment to PD or death. OS was calculated from the date of random assignment to death or the last follow-up.

5. Immunohistochemistry for ERCC1 expression
--------------------------------------------

This study required the collection of formalin-fixed paraffin-embedded tumor blocks before therapy. The primary antibody for the detection of ERCC1 was clone 8F1 (catalog No. GTX22356 from GeneTex, Irvine, CA). One pathologist (G.K.L.) who was unaware of the clinical data independently evaluated ERCC1 staining under a light microscope at a magnification of ×400. Staining intensity was graded on a scale of 0 to 3. Five images of representative areas were acquired at a magnification of ×400 for each specimen, and a total of 500 to 1,500 positive or negative tumor nuclei per specimen were manually counted. The percentage of positive tumor nuclei was calculated for each specimen, and a proportion score was assigned (1 if 0%, 2 if 0 \< to ≤ 10%, 3 if 10 \< to ≤ 25%, 4 if 25 \< to ≤ 50%, and 5 if \> 50%). This proportion score was multiplied by the staining intensity of nuclei to obtain a final semiquantitative H score. Tumors with an H score exceeding 15 (i.e., tumors with a staining intensity score of 3 and 50% or more positive nuclei) were deemed ERCC1 positive.

6. *EGFR* and *KRAS* mutations and anaplastic lymphoma kinase--fluorescence *in situ* hybridization analysis
------------------------------------------------------------------------------------------------------------

We analyzed *EGFR* and *KRAS* mutations using a polymerase chain reaction--based direct DNA sequencing method \[[@b17-crt-2016-365]\]. Anaplastic lymphoma kinase (*ALK*) rearrangements were detected by fluorescent *in situ* hybridization in formalin-fixed paraffin-embedded specimens using the break-apart probe for the *ALK* gene (Vysis LSI ALK Dual Color, Abbott Molecular, Abbott Park, IL) \[[@b18-crt-2016-365]\].

7. Statistical analysis
-----------------------

The primary objective was to estimate the efficacy of GP or IP chemotherapy according to ERCC1 expression in patients with advanced NSCLC. The primary end point was the RR, which was defined as the proportion of patients whose best response was complete response or partial response among all per-protocol patients. The study employed a marker by treatment interaction design. We expected that the proportion of ERCC1-positive patients would be almost the same in both treatment groups. Moreover, it was expected that the ERCC1-negative group would show a better RR than the ERCC1-positive group. The expected RR for the ERCC-negative group was approximately 45%, whereas a 30% RR was expected for the ERCC1-positive group. A total of 142 patients were needed for each group to detect a 15% difference in the RR between the ERCC1-positive and ERCC1-negative groups with 83% power, a 5% level of significance, and a one-sided test. The patients were randomly assigned to either the GP or IP arm at an equivalent ratio.

Additional end points included PFS, OS, and toxicities. All patients who received at least one cycle of chemotherapy were considered assessable for PFS, OS, and safety. All hypotheses were tested at a two-sided α level of 0.05. The log-rank test was used to compare PFS and OS according to the ERCC1 expression levels. The distribution of PFS and OS was estimated using the Kaplan-Meier method. Statistical comparison of the RRs according to mutation status was performed using chi-squared or Fisher exact tests. We also assessed interactions between treatment groups and ERCC1 expression subgroups in relation to RR and survivals, PFS and OS, using logistic regression and Cox regression test, respectively.

Results
=======

1. Patient and treatment characteristics
----------------------------------------

Between February 2009 and September 2013, 289 patients were enrolled. Among 283 patients who underwent ERCC1 assessment, 177 patients (62.5%) were ERCC1 positive, and 106 patients (37.5) were ERCC1 negative. Finally, 279 patients received treatment per protocol after ERCC1 assessment ([Fig. 1](#f1-crt-2016-365){ref-type="fig"}). The characteristics of the 279 patients who were randomly assigned to each treatment arm are summarized in [Table 1](#t1-crt-2016-365){ref-type="table"}. Most patients were male (64.9%), ever smokers (63.1%), and exhibited good PS (68.8%), stage IV disease (91.4%), and adenocarcinoma histology (78.1%).

*EGFR* or *KRAS* mutation testing was not routinely performed at our institution at the time of the study initiation; thus, we retrospectively collected mutation data. The *EGFR* and *KRAS* mutation status were available in 222 (79.6%) and 140 (50.2%) patients, respectively, while there was no significant difference in the frequencies between treatment arms. We also did not find any significant association between *EGFR* or *KRAS* mutation status and ERCC1 level.

The median number of treatment cycles given to patients in both arms did not differ significantly relative to treatment assignment or ERCC1 expression (Mann-Whitney test; p=0.418 and p=0.503, respectively) ([Table 2](#t2-crt-2016-365){ref-type="table"}).

2. Treatment outcome according to ERCC1 level and treatment arm
---------------------------------------------------------------

Of the 279 patients in this study, 268 were assessable for a response. First, we compared the RR according to the treatment arms. The RR was 29.8% (95% confidence interval \[CI\], 22.0 to 38.4) for the GP arm and 27.0% (95% CI, 19.8 to 35.3) for the IP arm (p=0.082). When the RR was compared according to the ERCC1 level in each treatment arm, there were no significant differences ([Table 3](#t3-crt-2016-365){ref-type="table"}). We also compared the efficacy according to the ERCC1 level and found no significant differences. The RR was 29.2% (95% CI, 22.6 to 36.7) for the ERCC1-positive group and 26.8% (95% CI, 18.3 to 36.8) for the ERCC1-negative group (p=0.741). When the RR was compared according to treatment arm in each ERCC1 group, there was no significant difference between the GP and IP arms in the ERCC1-positive group (28.2% for GP vs. 30.2% for IP; p=0.362). Additionally, the GP arm showed a trend toward a higher RR than the IP arm in the ERCC1-negative group (32.6% vs. 21.6%, respectively; p=0.085).

The cutoff for the OS update was June 29, 2015, and the median duration of follow-up was 16.7 months (range, 0.5 to 70.9 months). Of the 279 patients in this study, 266 patients (95.3%) suffered disease progression or died. The median PFS and OS for all patients were 4.3 months (95% CI, 3.7 to 4.9) and 16.7 months (95% CI, 14.0 to 19.4), respectively. When the PFS and OS were compared according to the ERCC1 level or treatment arm, there was no significant difference ([Table 3](#t3-crt-2016-365){ref-type="table"}, [S2 Fig. A-D](#SD2-crt-2016-365){ref-type="supplementary-material"}). Moreover, subgroup analysis revealed no significant differences between the GP and IP arms in the ERCC-positive ([S3 Fig. A](#SD3-crt-2016-365){ref-type="supplementary-material"} and [B](#SD3-crt-2016-365){ref-type="supplementary-material"}) or -negative group ([S3 Fig. C](#SD3-crt-2016-365){ref-type="supplementary-material"} and [D](#SD3-crt-2016-365){ref-type="supplementary-material"}). When the PFS were compared according to the ERCC1 level in the GP arm, no difference was observed ([S4 Fig. A](#SD4-crt-2016-365){ref-type="supplementary-material"}). However, the ERCC1-positive group showed a trend toward longer OS than the ERCC1-negative group in the GP arm (18.6 months vs. 11.9 months, respectively; p=0.07) ([S4 Fig. B](#SD4-crt-2016-365){ref-type="supplementary-material"}). In the IP arm, there was no significant difference in survival according to ERCC1 level ([S4 Fig. C](#SD4-crt-2016-365){ref-type="supplementary-material"} and [D](#SD4-crt-2016-365){ref-type="supplementary-material"}).

Interaction tests did not show a significant difference in RR, PFS, and OS between the ERCC1-positive and ERCC1-negative group. The p-values for the interaction treatment with ERCC1 subgroup for RR, PFS, and OS were 0.248, 0.233, and 0.773, respectively.

3. Subsequent treatment
-----------------------

Of the 279 patients in this study, 240 (86%) and 204 (73%) received second-line and third-line therapy, respectively. Of the 240 patients who received second-line therapy, 165 (69%) received predefined second-line therapy. Of the 204 patients who received third-line therapy, 105 (51%) received predefined third-line therapy. There was no significant difference in the subsequent treatments given to each arm ([Table 4](#t4-crt-2016-365){ref-type="table"}).

4. Adverse events
-----------------

Anemia and neutropenia were the most commonly reported treatment-related adverse events. Overall, the grade 3 or 4 toxicity rates were low in both arms ([Table 5](#t5-crt-2016-365){ref-type="table"}). Grade 3 diarrhea was more common in the IP arm (p=0.001), while grade 3 or 4 thrombocytopenia was more common in the GP arm (p=0.006). There were no treatment-related deaths.

Discussion
==========

Treatment of advanced NSCLC has changed significantly since demonstration of the superior efficacy of target therapy against driver oncogenes such as *EGFR* mutations and *ALK* rearrangements. Nevertheless, platinum-based chemotherapy remains the standard therapy for advanced NSCLC without known driver mutations. At the time of this study initiation, platinum-based chemotherapy was the standard for advanced NSCLC in Korea. Routine *EGFR* mutation testing for selected first-line therapy started in April 2011 in Korea. In this study, we prospectively investigated the predictive value of ERCC1 expression level in advanced NSCLC patients who participated in a randomized phase II study comparing the efficacy of GP versus IP. Furthermore, our study predefined the subsequent treatment course to minimize the impact on OS. This design allowed us to test the prognosis and predictive value of the ERCC1 level in advanced NSCLC. However, we did not find any significant difference in RR, PFS, or OS according to the ERCC1 level in patients with advanced NSCLC.

Correlative biomarker analysis from two randomized phase III trials demonstrated that low ERCC1 protein or mRNA levels are associated with a better RR to platinum-based chemotherapy in advanced NSCLC. Nevertheless, both studies failed to demonstrate any significant association with survival \[[@b12-crt-2016-365],[@b13-crt-2016-365]\]. Recently, another randomized phase III study investigated whether ERCC1 protein level-based chemotherapy selection would improve survival in advanced NSCLC; however, this investigation failed to demonstrate any differential benefit in RR or survival \[[@b19-crt-2016-365]\]. To date, patients with high ERCC1 levels have been assigned to non-platinum chemotherapy in ERCC1 level-based clinical trials for advanced NSCLC. However, no studies have compared the efficacy of the same platinum chemotherapy according to the ERCC1 level. Because the patients in our study received homogeneous platinum chemotherapy, we could prospectively investigate the predictive value of the ERCC1 level on platinum chemotherapy. However, we did not detect any correlation between the ERCC1 level and efficacy of GP or IP in advanced NSCLC. Moreover, the ERCC1 level was not prognostic in these patients.

Recently, a validation study using the ERCC1 8F1 antibody from two independent randomized trials of postoperative adjuvant cisplatin-based chemotherapy failed to validate ERCC1 protein expression as a predictive biomarker in NSCLC \[[@b20-crt-2016-365],[@b21-crt-2016-365]\]. The authors suggested that a change in the performance of ERCC1 8F1 antibody since 2006 resulted in discordance in ERCC1 staining, even in sample samples. Furthermore, they found that the currently available ERCC1 antibodies could not distinguish functional from non-functional isoforms, which may result in misclassification of tumors. Moreover, Schneider et al. \[[@b22-crt-2016-365]\] reported that the results of commercial ERCC1 testing are inconsistent and unreliable. These authors evaluated ERCC1 testing offered by three large commercial laboratories and found a significant difference in the independent laboratory ERCC1 expression rates (70% vs. 60% vs. 44%, p \< 0.0001). Furthermore, none of the assays could predict platinum resistance with a specificity greater than 50% \[[@b22-crt-2016-365]\]. Taken together, these findings suggest that ERCC1 testing is not applicable for routine practice in patients with NSCLC.

Because NSCLC patients are usually treated with combination chemotherapy, it may be necessary to assess multiple biomarkers. In addition to ERCC1, RRMI and BRAC1 levels have been investigated; however, none of these markers have demonstrated an adequate level of evidence for routine clinical use \[[@b23-crt-2016-365],[@b24-crt-2016-365]\]. In addition to the ERCC1 expression levels, ERCC1 polymorphisms have been evaluated for cisplatin sensitivity in NSCLC. A meta-analysis of 1,252 NSCLC patients reported that there was no significant link between ERCC1 polymorphism and cisplatin sensitivity \[[@b25-crt-2016-365]\].

Despite the considerable potential for use of ERCC1 as a biomarker for cisplatin sensitivity, our study showed that immunohistochemical staining of ERCC1 is not adequate for selecting patients for platinum-based chemotherapy in advanced NSCLC. Further efforts are needed to develop clinically useful biomarkers to determine sensitivity to platinumbased chemotherapy in NSCLC.

Conclusion
==========

There was no significant difference in efficacy between GP and IP treatment according to the ERCC1 expression level of the patient. Immunohistochemical analysis of the ERCC1 expression level did not differentiate the efficacy of platinum-based chemotherapy in advanced NSCLC.
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###### S1 Fig.

Randomization model. ERCC1, excision repair cross-complementation group 1; PS, performance status by Eastern Cooperative Oncology Group; IP, irinotecan and cisplatin; GP, gemcitabine and cisplatin; PD, progressive disease;

###### S2 Fig.

Progression-free survival according to ERCC1 levels (A) and treatment arms (B). Overall survival according to ERCC1 levels (C) and treatment arms (D). ERCC1, excision repair cross-complementation group 1; GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin.

###### S3 Fig.

Progression-free survival (A) and overall survival (B) according to treatment arms in ERCC1 positive group. Progression-free survival (C) and overall survival (D) according to treatment arms in the ERCC1 negative group. ERCC1, excision repair cross-complementation group 1; GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin.

###### S4 Fig.

Progression-free survival (A) and overall survival (B) according to excision repair cross-complementation group 1 ERCC1 levels in the GP arm. Progression-free survival (C) and overall survival (D) according to ERCC1 levels in the IP arm. ERCC1, excision repair cross-complementation group 1; GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin.

![CONSORT diagram. ERCC1, excision repair cross-complementation group 1; GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin; PFS, progression-free survival; OS, overall survival.](crt-2016-365f1){#f1-crt-2016-365}

###### 

Patient demographics and disease characteristics

  Variable                      All patients (n=279)   GP arm (n=139)   IP arm (n=140)   p-value
  ----------------------------- ---------------------- ---------------- ---------------- ---------
  **Sex**                                                                                
   Male                         181 (64.9)             91 (65.5)        90 (64.3)        0.900
   Female                       98 (35.1)              48 (34.5)        50 (35.7)        
  **Age, median (range, yr)**   59 (28-82)             58 (28-79)       60 (32-82)       0.797
  **Smoking status**                                                                     
   Current                      100 (35.8)             49 (35.3)        51 (36.4)        0.916
   Former                       76 (27.2)              37 (26.6)        39 (27.9)        
   Never                        103 (36.9)             53 (38.1)        50 (35.7)        
  **Histology**                                                                          
   Adenocarcinoma               215 (77.1)             109 (78.4)       106 (75.7)       0.664
   Squamous cell                45 (16.1)              22 (15.8)        23 (16.4)        
   Large cell                   2 (0.7)                0 (              2 (1.4)          
   Sarcomatoid                  3 (1.1)                1 (0.7)          2 (1.4)          
   NOS                          14 (5.0)               7 (5.0)          7 (5.0)          
  **Stage**                                                                              
   IIIB                         24 (8.6)               12 (8.6)         12 (8.6)         1.0
   IV                           255 (91.4)             127 (91.4)       128 (91.4)       
  **ECOG PS**                                                                            
   0                            21 (7.5)               15 (10.8)        6 (4.3)          0.102
   1                            171 (61.3)             80 (57.6)        91 (65.0)        
   2                            87 (31.2)              44 (31.7)        43 (30.7)        
  **ERCC1**                                                                              
   Negative                     102 (36.6)             49 (35.3)        53 (37.9)        0.710
   Positive                     177 (63.4)             90 (64.7)        87 (62.1)        
  ***EGFR* mutations**                                                                   
   19DEL or L858R               61 (21.9)              27 (19.4)        34 (24.3)        0.558
   Rare exon 20 mutations       6 (2.2)                3 (2.2)          3 (2.1)          
   T790M                        5 (1.8)                1 (0.7)          4 (2.9)          
   Wild type                    150 (53.8)             78 (56.1)        72 (51.4)        
   Not determined               57 (20.4)              30 (21.6)        27 (19.3)        
  ***KRAS* mutations**                                                                   
   G12X                         12 (4.3)               8 (5.8)          4 (2.9)          0.388
   Wild type                    128 (45.9)             60 (43.2)        68 (48.6)        
   Not determined               139 (49.8)             71 (51.1)        68 (48.6)        
  **ALK-FISH**                                                                           
   Positive                     4 (1.4)                2 (1.4)          2 (1.4)          0.819
   Negative                     10 (3.6)               4 (2.9)          6 (4.3)          
   Not determined               265 (95.0)             133 (95.7)       132 (94.3)       

GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin; NOS, not otherwise specified; ECOG PS, Eastern Cooperative Oncology Group performance status; ERCC1, excision repair cross-complementation group 1; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma kinase; FISH, fluorescent *in situ* hybridization.

###### 

Cycles of treatment by arm and assignment

                       GP    IP          
  -------------------- ----- ----- ----- -----
  Mean                 4.2   3.9   3.8   3.5
  Standard deviation   2.2   1.8   2.2   1.6
  Median               4     4     4     4
  Range                1-9   1-9   1.9   1.9

GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin; ERCC1, excision repair cross-complementation group 1.

###### 

Outcome according to treatment arms and ERCC1 levels

                          Response   Overall response rate (95% CI, mo)   p-value   Median PFS (95% CI, mo)   p-value   Median OS (95% CI, mo)   p-value                                              
  ----------------------- ---------- ------------------------------------ --------- ------------------------- --------- ------------------------ --------- --------------- ------- ------------------ -------
  **GP (n=139)**          0          39                                   68        24                        8         29.8 (22.0-38.4)         0.082     4.7 (4.2-5.2)   0.117   16.5 (11.7-21.3)   0.313
  **IP (n=140)**          0          37                                   59        41                        3         27.0 (19.8-35.3)                   3.9 (3.3-4.5)           16.7 (13.2-20.2)   
                                                                                                                                                                                                      
  **GP (n=139)**                                                                                                                                                                                      
   ERCC1 Pos (n=90)       0          24                                   43        18                        5         28.2 (19.0-39.0)         0.509     4.6 (4.0-5.2)   0.506   18.6 (14.6-22.6)   0.070
   ERCC1 Neg (n=49)       0          15                                   25        6                         3         32.6 (19.5-48.0)                   5.0 (4.1-5.9)           11.9 (9.7-14.1)    
  **IP (n=140)**                                                                                                                                                                                      
   ERCC1 Pos (n=87)       \-         26                                   35        25                        1         30.2 (20.8-41.1)         0.536     3.9 (2.9-4.9)   0.748   17.5 (15.2-19.8)   0.821
   ERCC1 Neg (n=53)       \-         11                                   24        16                        2         21.6 (11.3-35.3)                   3.7 (2.8-4.6)           14.0 (8.7-19.3)    
                                                                                                                                                                                                      
  **ERCC1 Pos (n=177)**   0          50                                   78        43                        6         29.2 (22.6-36.7)         0.741     4.4 (3.8-5.0)   0.537   18.6 (16.3-20.9)   0.088
  **ERCC1 Neg (n=102)**   0          26                                   49        22                        5         26.8 (18.3-36.8)                   4.1 (3.0-5.2)           12.1 (9.1-15.1)    
                                                                                                                                                                                                      
  **ERCC1 Pos (n=177)**                                                                                                                                                                               
   GP (n=90)              0          24                                   43        18                        5         28.2 (19.0-39.4)         0.362     4.6 (4.0-5.2)   0.135   18.6 (14.6-22.6)   0.154
   IP (n=87)              0          26                                   35        25                        1         30.2 (20.8-41.1)                   3.9 (2.9-4.9)           17.5 (15.2-19.8)   
  **ERCC1 Neg (n=102)**                                                                                                                                                                               
   GP (n=49)              0          15                                   25        6                         3         32.6 (19.5-48.0)         0.085     5.0 (4.1-5.9)   0.347   11.9 (9.7-147.1)   0.599
   IP (n=53)              0          11                                   24        16                        2         21.6 (11.3-35.3)                   3.7 (2.8-4.6)           14.0 (8.7-19.3)    

ERCC1, excision repair cross-complementation group 1; CI, confidential interval; PFS, progression-free survival; OS, overall survival; GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin; Pos, positive; Neg, negative.

###### 

Subsequent treatment

                            GP (n=139)   IP (n=140)   p-value
  ------------------------- ------------ ------------ ---------
  **Second-line therapy**                             
   Pemetrexed               40 (28.8)    39 (27.9)    0.189
   Docetaxel                35 (25.2)    51 (36.4)    
   EGFR-TKI                 34 (24.5)    33 (23.6)    
   Platinum-based doublet   2 (1.4)      3 (2.1)      
   Crizotinib               2 (1.4)      1 (0.7)      
   No treatment             26 (18.7)    13 (9.3)     
  **Third-line therapy**                              
   Pemetrexed               38 (27.3)    46 (32.9)    0.428
   Docetaxel                15 (10.8)    16 (11.4)    
   EGFR-TKI                 31 (22.3)    26 (18.6)    
   Doublet chemotherapy     8 (5.8)      14 (10.0)    
   ALK-TKI                  2 (1.4)      1 (0.7)      
   Radiotherapy             2 (1.4)      3 (2.1)      
   Anti-PD1 therapy         0            2 (1.4)      
   No treatment             43 (30.9)    32 (22.9)    

Values are presented as number (%). GP, gemcitabine and cisplatin; IP, irinotecan and cisplatin; EGFR, epidermal growth factor receptor; TKI, tyrosine kinase inhibitor; ALK, anaplastic lymphoma kinase.

###### 

Adverse events ≥ grade 3

  Adverse event      IP          GP          p-value
  ------------------ ----------- ----------- ---------
  Anemia             14 (9.8)    22 (15.7)   0.155
  Leukopenia         14 (9.8)    9 (6.4)     0.385
  Neutropenia        58 (40.6)   53 (37.9)   0.715
  Thrombocytopenia   2 (1.4)     12 (8.6)    0.006
  Diarrhea           11 (7.7)    0           0.001
  Fatigue            4 (2.8)     6 (4.3)     0.538
  Vomiting           4 (2.8)     1 (0.7)     0.371

IP, irinotecan and cisplatin; GP, gemcitabine and cisplatin.
